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Sensitivity analysis of pre-swirl vanes parameters based on CFD
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Abstract To systematically investigate the sensitivities of the key geometric parameters of the pre-swirl vane (PSV) to its energy-
saving efficiency and resistance performance, an integrated automatic simulation workflow of "design-simulation-optimization" for
PSV was established based on CAESES and CFD software. First, a fully parameterized PSV model incorporating 14 geometric
characteristic parameters was constructed in CAESES software. Then, a series of sample points within the design space were
generated via the Sobol algorithm, and the influences of each geometric parameter on the circumferentially averaged pre-swirl
rotational speed at the propeller disk (An) and the total ship resistance (F;) were quantified by means of CFD numerical simulations.
Finally, the Pearson correlation coefficient was adopted to conduct the sensitivity analysis. Results show that the stator attack angles
o,~a, of stator 1~4 exhibit significant positive correlations with An (>0.3), which suggests that the negative angles of attack of the
stators have a more pronounced effect on enhancing the pre-swirl effect. The outlet diameter R, of the duct shows an extremely
strong positive correlation with F; (r=0.877), where an increase in R, leads to a significant increase in F;. The absolute values of
the correlation coefficients between the attack angle of the duct a,, the length of the duct L, the attack angle of stator 5 a5 and F; all
range from 0.2 to 0.3. The axial installation position of the guide vane and the installation angle position of the stator have relatively
small impacts on both An and F.
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